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ABSTRACT : PURPOSE: To improve productivity and to make dimension highly accurate by piercing 
the hollow part formed by a 1st punch with a 2nd punch with performing the automatic 
aligning of the 2nd punch by using the hollow part formed by the 1 st punch. 

CONSTITUTION: A 1st punch is descended from the vertical direction on the upper face 
of the work 40 placed on the slanting face 10 of a 1st die 1 1 to form thickness reducing 
parts A, B. The place formed at a 1 st stage is set by setting to a 2nd die 31 and a 2nd 
punch 33 is descended to perform piercing. With this method, a hole of good accuracy can 
be worked with good efficiency. 
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Claim 

An oblique hole-punching method characterized in that in a hole-punching method for 
creating a hole on an inclined surface of a workpiece from the perpendicular direction using 
punches, after a thinner plate part is formed along the periphery of the part where the hole is to be 
formed on the aforementioned workpiece, and an indentation is formed on the inner side of the 
aforementioned periphery of the hole-formation position using a first punch, the aforementioned 
indentation is used for automatic adjustment of the center of a second punch, and, further, to 
punch the hole by rupturing the aforementioned thinner plate part. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to an oblique hole-punching method. In particular, it 
pertains to an oblique hole-punching method with which a hole can be created on a steeply 
inclined surface without using a cam mechanism, for example. 

Prior art 

It has been the common practice that when creating a hole on an inclined surface by 
means of press-machining while the machining surface of workpiece 40 is inclined at a large 
angle (usually, 20* or greater relative to a level plane) as shown in Figure 4, flat surface parts 41 
are formed near the part where the hole is to be created, and hole 42 is created by rupturing 
workpiece 40 along trim lines provided at the centers of said flat surface parts 41. 

However, the presence of flat surface parts 41 around hole 42 is often inconvenient when 
designing a compact vehicle because said flat surface parts 41 get in the way. In addition, when 
hole 42 was created on an exterior board surface of the vehicle, the presence of flat surface parts 
41 around said [hole] was not desirable in terms of aesthetics, either. 

Accordingly, as shown in Figure 5, a method involving a cam mechanism has been 
proposed (for example, Japanese Kokai Patent Application No. Sho 58[1983]-215229), in which 
passive cam 47 is provided below stationary cam 46 which is fixed to an upper die, punch 48 is 
provided on said passive cam 47, and a force applied to stationary cam 46 in direction C as 
indicated by an arrow is transmitted to punch 48 as a force in direction D as indicated by another 
arrow via passive cam 47 in order to punch a hole on an inclined surface of workpiece 40 placed 
on die 49. 

Problems to be solved by the invention 

However, when the aforementioned cam mechanism was used, not only did the expenses 
for the cam mechanism itself pile up, but the bench surface for installing the cam mechanism got 
up-sized also, resulting in a cost increase. 

In addition, in the case of the cam mechanism, because the direction of the force was 
converted from the press direction (direction indicated by arrow C in Figure 5) to the cam 
direction (direction indicated l5y arrow D in said figure), the center of the hole ended up shifting 
during the machining, so that it had to be repaired during a subsequent step. 

Furthermore, because the cam mechanism took up a large space, it was difficult to carry 
out different machining simultaneously, which interfered. with process reduction. 

The objective of the present invention is to present an oblique hole-punching method with 
which a hole can be punched out from a surface with a large angle of gradient at a low cost. 
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Means to solve the problems 

In order to achieve the aforementioned objective, in the case of the oblique hole-punching 
method, in a hole-punching method for creating a hole on an inclined surface of a workpiece 
from the perpendicular direction using punches, after a thinner plate part is formed along the 
periphery of the part where the hole is to be formed on the aforementioned workpiece, and an 
indentation is formed on the inner side of the aforementioned periphery of the hole-formation 
position using a first punch, the aforementioned indentation is used for automatic adjustment of 
the center of a second punch, and, further, to punch the hole by rupturing the aforementioned 
thinner plate part. 

Function 

According to the aforementioned method, the step in which the punches are lowered to 
create the hole on the inclined surface of the workpiece from the perpendicular direction is 
divided into 2 steps, namely, a first step involving a first punch and a second step involving a 
second punch. That is, first, in the first step, the periphery of the hole-formation position is 
depressed using the first punch so as to reduce the plate thickness of the workpiece in order to 
form the thinner plate part along the periphery of the hole-formation position. At this time, a 
portion on the inner side of the hole-formation position is also depressed using the first punch so 
as to form an indentation at said position. Next, in the second step, after the workpiece formed in 
the first step is fixed, the second punch is lowered from above and aligned with the indentation 
formed on the workpiece in order to adjust the center of the second punch automatically. Then, as 
the second punch is lowered further until the thinner plate part gets ruptured, the hole can be 
created at the correct position. 

Application example 

An application example of the present invention will be explained below according to 

figures. 

Figure 1 is a cross-sectional view of machining condition in the first step of the present 
invention. Figure 2 and Figure 3 are cross-sectional views of machining conditions in the second 
step. In Figure 1, concave part 12 with a triangular cross section and concave part 13 with a 
trapezoidal cross section are provided on first die 1 1 having inclined surface 10 along said 
inclined surface 10. Concave part [12] is formed by side surfaces 12A and 12B; and concave part 
13 is formed by side surfaces 13A and 13B and bottom surface 13C. Ridge line 14 formed by 
adjoining surfaces 12B and 13A of concave parts 12 and 13 is within the plane of inclined 
surface 1 0, and its direction is perpendicular to the page. In addition, ridge line 1 5 formed by side 



surface 12A and inclined surface 10 and ridge line 16 formed by side surface 13B and inclined 
surface 10 are also perpendicular to the page. First punch 17 is provided above concave parts 12 
and 13 in the perpendicular direction, convex part 1 8 with a arc-shaped cross section and convex 
part 19 with a trapezoidal cross section are provided at its front end, and said convex parts 18 and 
19 face respective concave parts 12 and 13. Convex part 18 is configured with curved surface 
18 A, and convex part 19 is configured with side surfaces 19A and 19B and bottom surface 19C. 
Curved surface 18A is perpendicular to the page, and ridge line 20 formed by side surface 19B 
and bottom surface 19C is also perpendicular to the page. Punch holder 21 is provided in close 
contact with the periphery of first punch 17, and its bottom surface 21 A is brought into contact 
with the upper surface of workpiece 30 which is placed on first die 1 1 . In addition, although first 
punch 17 can be slid vertically inside of punch holder 21, its bottom dead point is set by 
protrusion 21 B provided on punch holder 21. Condition in which punch holder 21 has reached 
the bottom dead point is shown in the figure. 

Next, in Figure 2 and Figure 3, die 3 1 with inclined surface 30 has hole part 32 which is 
created vertically on said inclined surface 30. Second punch 33 is provided above hole part 32 in 
the vertical direction, and convex part 34 with an arc-shaped cross section and convex part 35 
with a triangular cross section are provided at its front end. Convex part 34 is configured with 
curved surface 34 A, and protrusion 35 A is formed at an end part of convex part 35. Second 
punch 33 has a width smaller than the size of hole 32 of second die 31, and second punch 33 and 
hole 32 are provided eccentrically from each other. That is, side surface 33A (the side where 
convex part 34 is formed) on one side of second punch 33 is in contact with side wall 32A of 
hole 32, and a gap is formed between outer surface 33B on the other side (the side where convex 
part 35 is formed) and side wall 32A of hole 32. 37 is a sweeper, which is used to fix workpiece 
40 when the hole is punched through and to pull workpiece 40 out of second punch 33 after the 
hole is created. 

Next, the function of the present application example will be explained. 

In the first step, as first punch 17 is lowered onto the upper surface of workpiece 40 
placed on inclined surface 10 of first die 1 1 in the perpendicular direction, convex parts 18 and 
19 of first punch 1 7 depress workpiece 40; whereby, thinner plate part A is formed between 
curved surface 18A of convex part 18 and ridge line 15 of first die 11, and thinner plate part B is 
formed between ridge line 20 of convex part 19 and ridge line 16 of first die 1 1. It is reasonable 
for said thinner plate parts A and B to have a plate thickness of 0.3 m/m or so. In addition, 
convex part 19 of first punch 17 and concave part 13 of first die 1 1 sandwich workpiece 40 
simultaneously with the aforementioned depression function in order to form indentation 40A on 
workpiece 40. 
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In the second step, workpiece 40 is placed on second die 3 1 while aligning the position 
depressed in the first step with hole 32 of second die 3 1 , and workpiece 40 is sandwiched using 
sweeper 37 and second die 3 1 . Then, second punch 33 is lowered from above in the 
perpendicular direction while engaging projection 35A of second punch 33 with indentation 40A 
on workpiece 40 in order to adjust the center of second punch 33 automatically. Next, second 
punch 33 is further lowered until workpiece 40 is ruptured at thinner plate parts A and B in order 
to create a hole there. After the hole is created, second punch 33 is raised while holding 
workpiece 40 using sweeper 37 in order to pull second punch 33 out of workpiece 40. 

According to the present application example, because indentation 40A is formed on 
workpiece 40 in the first step, and the side surface of said indentation 40A is brought into contact 
with side surface 13B of concave part 13 of first die 11 so as to receive the thrusting force of the 
first punch at side surface 13B, also, workpiece 40 never slides down along inclined surface 10 
during the depression even when the surface has a large angle of gradient. 

Effects of the invention 

As explained above, according to the present invention, because the hole is punched out 
using the second punch after the thinner plate part is formed using the first punch, a hole can be 
punched out very easily, even from a surface with a large angle of gradient. In addition, because 
the indentation is formed using the first punch and said indentation is used to adjust the center of 
the second punch automatically, the position of the hole becomes extremely accurate; and that 
because the second punch can be lowered in the vertical direction, a problem such as punch 
breakage can be eliminated also. 

Brief description of the figures 

Figure 1 is a cross-sectional view of machining condition in the first step of the present 
invention; Figure 2 and Figure 3 are cross-sectional views of machining conditions in the second 
step; Figure 4 is a cross-sectional view of a hole created using a conventional method; and Figure 
5 is a partial cross-sectional view of a cam mechanism as one of the conventional methods. 
11 ... first punch; 12, 13 ... concave part; 17 ... first die; 18, 19,34,35 ... convex part; 40A ... 
indentation; and A, B . . . thinner plate part. 



Legend: 

1 1 First die 
1 7 First punch 
12, 13 Concave part 
18, 19 Convex part 
40 Workpiece 
40A Indentation 
A, B Thinner plate part 
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Figure 1 




Figure 2 
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40' 
40A 

Figure 3 



Legend: 

31 Second die 
33 Second punch 
34, 35 Convex part 



40 Workpiece 
40A Indentation 



a Trim line 




Figure 5 



